We consider the continuum limit of a moose model corresponding to a generalization to N sites of the Degenerate BESS model. The five dimensional formulation emerging in this limit is a realization of a RS1 type model with SU (2) L ⊗ SU (2) R in the bulk, broken by boundary conditions and a vacuum expectation value on the infrared brane. A low energy effective Lagrangian is derived by means of the holographic technique and corresponding bounds on the model parameters are obtained.
I. INTRODUCTION
The exact nature of the mechanism that leads to the breakdown of the electroweak (EW) symmetry is one of the relevant open questions in particle physics. While waiting for the first experimental data from the Large Hadron Collider, it is worthwhile to explore the potential electroweak breaking scenarios from a theoretical point of view.
In the Standard Model (SM), the mechanism of the EW symmetry breaking implies the presence a fundamental scalar particle, the Higgs boson, with a light mass as suggested by EW fits. However, this mechanism is affected by a serious fine-tuning problem, the hierarchy problem, because the mass of the Higgs boson is not protected against radiative corrections and would naturally be expected to be as large as the physical UV cut-off of the SM, which could be as high as M P ≃ 10
19 GeV.
Possible solutions to the hierarchy problem are the technicolor (TC) theories [1] [2] [3] (that postulate the presence of new strong interactions around the TeV scale) and extradimensional theories [4] [5] [6] . These seemingly unrelated classes of theories have in fact a profound connection through the AdS/CFT correspondence [7] . According to this conjecture, five dimensional (5D) models on AdS space are "holographic duals" to 4D theories with spontaneously broken conformal invariance. The duality means that when the 5D theory is in a perturbative regime the holographic dual is strongly interacting and vice versa. This fact provides an unique tool to make quantitative calculations in 4D strongly interacting theories, and creates a very interesting connection between extra-dimensional and TC-like theories.
Working in the framework suggested by the AdS/CFT correspondence, one considers for the fifth dimension a segment ending with two branes (one ultraviolet, UV, and the other one infrared, IR). Several choices of gauge groups in the bulk have been proposed:
there are models, with or without the Higgs, which assume a SU(2) L × SU(2) R × U(1) B−L gauge group, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , or SU(2) × U(1) [18] [19] [20] [21] or a simpler SU(2) in the 5D bulk [22, 23] .
Compactification from five to four dimensions is often performed by the standard Kaluza
Klein mode expansion, however alternative methods have been suggested. Effective low energy chiral Lagrangians in four dimensions, can be obtained by holographic versions of 5D theories in warped background [24] [25] [26] or via the deconstruction technique [27] [28] [29] [30] [31] [32] [33] [34] [35] . The deconstruction mechanism provides a correspondence at low energies between theories with replicated 4D gauge symmetries G and theories with a 5D gauge symmetry G on a lattice.
We will refer to the deconstructed models also as moose models. Several examples mainly based on the gauge group SU(2) have recently received attention [36] [37] [38] [39] [40] [41] [42] [43] [44] . It is interesting to note that even few sites of the moose give a good approximation of the 5D theory [45] .
The BESS model [46, 47] , based on the hidden symmetry approach [48] [49] [50] , is a prototype of models of this kind: with a particular choice of its parameters it can generate the recently investigated three site model [51] [52] [53] [54] [55] .
Generic TC models usually have difficulties in satisfying the constraints coming from EW precision measurements on S, T, U observables [56, 57] . In this paper, we have reconsidered the Degenerate BESS (D-BESS) model [58, 59] , a low-energy effective theory which possesses a (SU(2) ⊗ SU(2)) 2 custodial symmetry that leads to a suppressed contribution from the new physics to the EW precision observables, making possible to have new vector bosons at a relatively low energy scale (around a TeV). This new vector states are interpreted as composites of a strongly interacting sector. Starting from the generalization to N sites of the D-BESS model (GD-BESS) [39, 60] , based on the deconstruction or "moose" technique [27] , we consider the continuum limit to a 5D theory.
The D-BESS model and its generalization suffer the drawback of the unitarity constraint, which is as low as that of the Higgsless SM [61, 62] , that is around 1.7 TeV. However, (at least for a particular choice of the extra-dimensional background) in the 5D model it is meaningful to reintroduce an Higgs field, delaying unitarity violation to a scale 10
TeV. In the "holographic" interpretation of AdS 5 models [63, 64] , inspired by the AdS/CFT correspondence, this Higgs can be thought as a composite state and thus does not suffer from the hierarchy problem. The 5-dimensional D-BESS (5D-DBESS) on AdS 5 then provides a coherent description of the low energy phenomenology of a new strongly interacting sector up to energies significantly beyond the ∼ 2 TeV limit of the Higgsless SM, still showing a good compatibility with EW precision observables. While studying this 5D extension, furthermore, we have clarified a not-so-obvious fact: there is at least a particular limit, where the 5D-DBESS can be related to a realization of the RS1 model [5] , specifically the one proposed in ref. [20] .
In Section II we review the generalization of D-BESS to N sites. In Section III we extend the model to five dimensions clarifying how the boundary conditions at the ends of the 5D segment emerge from the deconstructed version of the model. The 5D model is described by a SU(2) L × SU(2) R bulk Lagrangian with boundary kinetic terms, broken both spontaneously and by boundary conditions. In Section IV we develop the expansion in mass eigenstates consisting in two charged gauge sectors, left (including W ) and right, and one neutral (including the photon and the Z). We also get the expanded Lagrangian for the modes. In Section V we derive the low energy Lagrangian by means of the holographic technique and the EW precision parameters ǫ 1,2,3 . In Section VI we show the spectrum of KK excitations and derive the bounds from EW precision measurements on the model parameters for two choices of the 5D metric, the flat case and the RS one. Conclusions are given in Section VII. In Appendix A, by following [65, 66] , we develop the technique for Kaluza-Klein expansion.
II. REVIEW OF THE GD-BESS MODEL
The GD-BESS model is a moose model with a [SU(2)] 2N ⊗ SU(2) L ⊗ U(1) Y gauge symmetry, described by the Lagrangian [60] :
where
with 
The model has two sets of parameters, the gauge coupling constantsg,g ′ , g i , i = 1, . . . 2N, and the "link coupling constants" f i , i = 1, . . . 2N + 1, i = N + 1. For simplicity, we will impose a reflection invariance with respect to the ends of the moose, getting the following relations among the model parameters
The model content in terms of fields and symmetries can be summarized by the moose in The most peculiar feature is the absence in the Lagrangian given in Eq. (1) of any field connecting the N th and the N + 1 th sites of the moose. This situation was referred to in ref.
[39] as "cutting a link". As it was shown there, this choice guarantees the vanishing of the leading order corrections from new physics to the EW precision parameters; for instance, in ref. [60] , the contributions to the ǫ parameters [67] [68] [69] as well as the "universal" form factors [26] were calculated, showing that all these contributions are of order m
M is the mass scale of the lightest new resonance in the theory.
Graphic representation of the moose model described by the Lagrangian given in Eq.
(1).
The dashed lines represent the identification of the corresponding moose sites.
III. GENERALIZATION TO 5 DIMENSIONS
We now want to describe the continuum limit N → ∞ of the Lagrangian given in Eq. (1).
As it is well known, a [SU (2) ] K linear moose model can be interpreted as the discretized version of a SU(2) 5D gauge theory. The GD-BESS model, however, has a number of new features with respect to a basic linear moose. In particular, we have the "cut link"
and the presence of an apparently nonlocal field U which connects the gauge fields of the
To be able to properly describe the 5D generalization, we need a representation for the 5D metric. Since the deconstructed model possesses ordinary 4D Lorentz invariance, the extra-dimensional metric must be compatible with this symmetry. Such a metric can in general be written in the form:
where η is the standard Lorentz metric with the (−, +, +, +) signature choice, y the variable corresponding to the extra dimension and b(y) is a generic positive definite function, usually known as the "warp factor". We normalize b(y) by requiring that b(0) = 1. For definiteness,
we will consider a finite extra dimension, with y ∈ (0, πR). With this choice, it is possible to write down an identification between the GD-BESS and the continuum limit parameters:
where g 5 is a 5D gauge coupling, with mass dimension −1/2. As can be seen, a general choice for the g i implies that g 5 is "running" , with an explicit dependence on the extra variable.
In the following, we will not consider this possibility, but rather restrict for simplicity to a constant coupling (as it is standard in the literature), so, from the 4D side, we will have
The trickiest part of the generalization, however, is to interpret the cutting of the link.
To understand this properly, we can start by noticing that the cut link prevents any direct contact between the two sides of the moose; the fields on the left only couple to those on the right through the field U. In this sense, the moose is split by the cut in two separate pieces, linked by U. Due to the reflection symmetry (see Eq. (5) (2) gauge field at the same extra-dimensional location. We can do this, because by Eq. (7), the warp factor -and thus the 5D metric -at a given site, only depends on the value of the link coupling constant f i , which is equal at points identified by the reflection symmetry, that describe the same point y i on the 5 th dimension. The situation is depicted graphically in Fig. 2 : it is equivalent to flip one of the pieces of the moose and superposing it to the other one. In this way, we do not obtain a 5D SU(2) gauge theory, but a SU(2) L ⊗ SU(2) R one, with the left part of the moose describing the SU(2) L gauge theory and the right part SU(2) R and the coupling constants of the two sectors of the gauge group identified by a discrete symmetry. The field U no longer appears as nonlocal, but rather as confined at one end of the extra-dimensional segment.
The last point to consider is the presence of different gauge fields -the ones corresponding to SU(2) L ⊗ U(1) Y -at the two ends of the moose, which are identified with one of the endpoints of the 5D interval (which for definiteness we will take to be y = πR). This can be accounted for by considering localized kinetic terms at y = πR for the 5D gauge fields; the fieldsW andB can then be simply identified with the values of the SU(2) L and of the third component of the SU(2) R 5D gauge fields respectively. Notice that the "flipped" GD-BESS moose has N + 1 sites: N for the SU(2) L ⊗ SU(2) R gauge fields and the last one for the fields corresponding to SU(2) L ⊗ U(1) Y . By convention, we will map this last site to the y = πR end of the extra dimension; the other endpoint, y = 0, will correspond to the gauge Putting all together, the 5D limit of GD-BESS is described by the action
where:
• with the usual convention, the greek indices run from 0 to 3, while capital latin ones take the values (0, 1, 2, 3, 5), with "5" labelling the extra direction
• g is the determinant of the metric tensor g M N , defined by , and it is the 5D limit of the g i , as can be seen by Eq. (7) • the brane scalar U is a SU(2)-valued field, with its covariant derivative defined by:
in exact analogy with Eq. (4). Note that the field U is analogous to the one that describes the standard Higgs sector in the limit of an infinite Higgs mass [61] . It can be conveniently parametrized in terms of three real pseudo-scalar fields π a ,
• the fermionic terms, which we take to be confined on the brane for simplicity, have the usual SM form.
It is important to notice that the action (8) does not define the physics of the model uniquely: we still have the freedom of choosing boundary conditions (BCs) for the fields.
This BC ambiguity is absent in deconstructed models: the BCs get implicitly specified by the way in which the discretization of the 5 th dimension is realized. This means that the GD-BESS model described by Eq. (1) already has a specific set of "built-in" BCs. These can be understood by looking at the residual gauge symmetry at the ends of the moose. It is apparent that, after the "flipping" depicted in Fig. 2 , at the N th and (N + 1) th sites, corresponding to y = 0 in the continuum limit, we have the full SU(2) L ⊗ SU(2) R gauge invariance. By contrast, at the 0 th and (2N + 1) th sites, corresponding to y = πR, the gauge symmetry is broken down to SU(2) L ⊗ U(1) Y . To do this, we have to impose Dirichlet BCs on two of the SU(2) R gauge fields at y = πR, while all the other fields, and all the fields at y = 0 are unconstrained. The complete gauge symmetry breaking pattern is thus as follows:
we have a SU(2) L ⊗ SU(2) R gauge invariance in the bulk, unbroken on the y = 0 brane and broken by a combination of Dirichlet BCs and scalar VEV (of the U field) to U(1) e.m. on the y = πR brane.
In the following of this work, we will study the model defined by the action (8) . First of all, we will perform a general analysis of the full 5D theory by the standard technique of the Kaluza-Klein (KK) expansion. Then we will look at the low-energy limit and derive expression for the ǫ parameters; the results will confirm that this is indeed the 5D limit of GD-BESS. Finally, we will make some remarks on the phenomenology of the model in correspondence with two interesting choices for the geometry of the 5 th dimension, that of a flat dimension (b(y) ≡ 1) and that of a slice of AdS 5 (b(y) = e −2ky ).
IV. EXPANSION IN MASS EIGENSTATES
Since we wish to keep the metric generic for the moment, a convenient strategy is to expand the gauge fields W a L(R) M (and the goldstones π a ) directly in terms of mass eigenstates [65, 66] . So we define:
The expansion (13) is written in full generality. A priori, this means that fields with different SU(2) index could be mixed. The index "(j)" labels all the mass eigenstates. This procedure is in fact more general than it is needed; we will see that, with our choice of BCs for the model, we will get three decoupled towers of eigenstates, so that many of the above wave-functions (or constant coefficients in the case of the brane pseudo-scalars) are vanishing. We will require that the wave-functions in eq. (13) form complete sets, and that after substituting the expansion and performing the integration over the extra-dimensional variable y, a diagonal bilinear Lagrangian result, i.e. the fields defined in eq. (13) are the mass eigenstates. These requests lead to an equation of motion plus a set of BCs that the profiles must satisfy. Details on the derivation are given in Appendix A; here we only report the results.
Since the proof of the diagonalization is somewhat technical, we will proceed in reverse order, first defining the three sectors of the model, together with the conditions that the corresponding wave-functions have to satisfy, then show how the three sectors are derived by the request of diagonalizing the KK expanded Lagrangian. The three sectors are:
• A left charged sector coming from the expansion of the (W 1, 2 L ) M fields and the brane pseudo-scalars π 1,2 . The explicit form of the expansion is
The wave-functions of the vector fields satisfy the equation of motion:
where we defined the differential operator:
and the set of BCs:
The pseudo-scalar profiles are fixed by the conditions:
Note that in this sector no massless solution is allowed; in fact, eq. (15) together with the Neumann BC at y = 0 (17) imply that a massless mode must have a constant profile, and a constant, massless solution cannot satisfy the BC at y = πR (18) . Also note that eq. (15) and the BCs (17) and (18) are diagonal in the isospin index, so we have f
Some caution must be used in writing down the completeness and orthogonality re-
L n mode functions. The differential operatorD (16) is in fact not hermitian with respect to the ordinary scalar product when evaluated on functions obeying BCs of the kind (18), due to the presence of terms explicitly containing the eigenvalues m L n which are induced by πR-localized terms in the action. To obtain the correct completeness and orthogonality properties of this function set, a generalized scalar product must be used which takes into account such terms. This is given by
where L m sets the normalization. Since the scalar product (·, ·)g is dimensionless, we will set: L m ≡ 1. This will ensure that the kinetic terms of the bosons of this sector are canonically normalized. From this definition we deduce the completeness relation:
• A right charged sector coming from the expansion of (W
The explicit form of the expansion for this sector is
The wave-functions of the vector fields satisfy a similar equation of motion:
The scalar profiles are given by:
Again, in this sector there is no massless solution, for the constant profile of a massless mode is incompatible with the BC (25) . Also, the equation of motion and the BCs are again diagonal in the isospin index, so f
The right charged sector obeys the usual L 2 orthogonality property:
where the factor 1/g 2 5 has been inserted to compensate for the mass dimension of the integral, so that we can normalize: R m ≡ 1, again ensuring that the kinetic terms will have the canonical normalization.
• Finally, a neutral sector coming from the expansion of (W
the equation of motion and the BCs for the vector profiles are given by:
and the pseudo-scalar profiles satisfy
In contrast with the charged ones, the neutral sector admits a single massless solution;
we have m N 0 = 0. Eqs. (29) and (30) imply for a massless mode that both f 3 L n and f 3 R n must be constant; then, using also eq. (31) we get:
where f 0 is a constant. The massless mode has to be identified with the photon
since it is the only massless mode in the spectrum we have that the symmetry of the vacuum is, correctly, just U(1) e.m. . The "charged" and "neutral" labels we have given to the three sectors refer to their transformation properties with respect to this unbroken symmetry.
As in the case of the left charged sector, the BCs at y = πR in this case explicitly contain the mass of the n th mode, so that again the basis wave-functions f have nonstandard orthogonality properties. The correct relations are:
where (·, ·)g′ is defined in a way analogous to (·, ·)g (eq. (20)). Completeness relations similar to that in eq. (21) also hold. Note that it is not possible to set both N L n and N R n to 1. In fact, since they obey the same differential equation (29) and the same BC at y = 0 (30), f 3 L n and f 3 R n are proportional to each other:
and the constants K n are fixed by the BCs at y = πR (31). To get, also in this case, canonically normalized kinetic terms we have to set:
the ratio (N L n )/(N R n ) will be fixed by the value of K n and by eq. (34). In particular, for the massless mode it is easy to get
14
A. The expanded Lagrangian
After the expansion in mass eigenstates, the gauge Lagrangian, taking into account contributions from both brane and bulk terms, is reduced to the form:
The bilinear part of the Lagrangian is, as announced, diagonal. The trilinear and quadrilinear coupling constants g
klmn are defined in terms of the gauge profiles: we immediately get:
thanks to the fact that the wave-functions f 1 L k and f 1 R k form an orthonormal basis. Then we conclude that
Then, from Eq. (37), we derive an expression for the electric charge as a function of the model parameters:
The actual profiles and masses can of course only be obtained by specifying the warp factor b(y). However, it is possible to write, in general, the equations from (14) to (32)) in a more compact form. In fact, equations of motion (15), (23) and (29) all have the same form,Df = −m 2 f . This is a second order ODE, so it admits two independent solutions.
Following ref. [66] , we can introduce two convenient linear combinations C(y, m n ) and S(y, m n ) ("warped sine and cosine") such that
with m = 0 (we have already seen that there is a single massless mode and that its profile is constant). In the limit of a flat extra dimension, these functions reduce to the ordinary sine and cosine.
Thanks to the Neumann BCs on the y = 0 brane (17), (24), (30) , the vector profiles f a L,R n are all proportional to C(y, m n ). The eigenvalues, that is the physical masses of the vector fields m L n , m R n and m N n , are then fixed by the BCs on the IR brane (18), (25) and (31) . For the three sectors we can easily derive three eigenvalue equations:
Right charged:
Neutral:
In section VI we will make extensive use of these equations for specific choices of the warp factor and of the parameters of the models to obtain explicit examples of the KK spectrum.
V. LOW ENERGY LIMIT AND EW PRECISION OBSERVABLES
We can obtain a convenient low-energy approximation of the theory by using the socalled holographic approach [25, 63, 64, [70] [71] [72] [73] , which consists in integrating out the bulk degrees of freedom in the functional integral. For the purposes of the present calculation it is sufficient to take into account just the tree-level effects of the heavy resonances, so the integration can be done by simply eliminating the bulk fields from the Lagrangian via their classical equations of motion; moreover, bulk gauge self-interactions can be neglected.
The equations to be solved are:
withD defined in eq. (16)) and we have Fourier transformed with respect to the first four coordinates. As previously discussed, on the y = 0 brane, we do not want to make any assumptions on the value of the fields; so we leave their variations arbitrary, and since there are no localized terms on the brane, this leads to Neumann boundary conditions for all of the fields:
At the other end of the AdS segment, we account for the presence of localized terms by imposing four fields to be equal to generic source fields, while the other two (those corresponding to the right charged sector) are vanishing:
The first step in solving the equations is to split the fields in their longitudinal (aligned with p µ ) and transverse parts. The operator (p 2 δ µν − p µ p ν ) is vanishing when acting on the longitudinal part, while it is simply equivalent to p 2 when acting on the transverse one. In this way, each equation can be split into two simpler ones:
Taking into account the boundary conditions (50), (51) , and defining |p 2 | ≡ ω 2 , eqs. (52) are simply solved; the solutions are given by
withD (S,C) = − ω 2 (S,C);
As it can be seen, the first two components of the right sector drop out from the low-energy effective Lagrangian altogether; this corresponds to the fact that in general the right charged sector does not contain any light mode, in contrast with the left charged and neutral ones.
Before substituting the solutions, note that the bulk contribution to the Lagrangian in Eq. (8) can be reduced -through an integration by parts -to a surface term plus a term
proportional to the equations of motion,
After the substitution, most of the terms vanish due to the BCs; we are left with
taking into account the definition of theC andS functions (54), eq. (56) reduces to 
Eq. (57) has a complicated dependence on ω hidden in the functionsS ′ | 0 ,C ′ | 0 . In order to extract the low-energy behaviour of the theory, let's expand in ω. This can be done in general, without needing to specify b(y). In fact, using eq. (54), it is not difficult to show that the functionsC(y, ω) andS(y, ω) obey the integral equations:
from which we can derive a low-energy expansion (small ω):
We will substitute expansions (60), (61) whereM is given by 1 :
and, as we will show later, is of the order of the mass of the lightest resonance that we have integrated out. After the substitution, the bulk Lagrangian becomes
1 Notice that the parameterM can be related to the integrals introduced in [74] ,
Finally, let us add the contribution coming from the brane. Switching back to the coordinate space, the final expression is
where we have introduced the effective couplings
and
The same result was obtained in the deconstructed GD-BESS model [60] . In fact from the correspondence in Eq. (7), taking the gauge couplings g i = g c , we get:
The Eq. (68) in the continuum limit reproduces Eq. (62).
Starting from Eq. (64), we can mirror the calculation done in ref. [60] to obtain the seven form factors encoding the corrections from new physics to the EW precision observables [26] , and then the ǫ parameters. The results arê
with tan θ = g ′ /g and
Note that ǫ 1,2,3 are all proportional to X which contains a double suppression factor. This feature was the main ingredient for the compatibility of the D-BESS model with the EW precision tests. In the five dimensional formulation of this model the ratio (g/ḡ 5 ) 2 originates from the presence of brane localized kinetic terms.
The ǫ parameters can be tested against the experimental data. To do this, we need to express the model parameters in terms of the physical quantities. Proceeding again as in [60] we get the expressions the standard input parameters α, G F and m Z in terms of the model parameters. For convenience we rewrite the results:
α ≡ e
A. Notes on unitarity and the Higgs field
As any gauge theory in 5 space-time dimensions, the 5D-DBESS model has couplings with negative mass dimension and is therefore not renormalizable. In the KK expanded 4D theory emerging from the compactification of the extra dimension, the nonrenormalizability manifests as a partial wave unitarity violation at tree level at an energy scale proportional to the inverse square of the gauge coupling [75] . A detailed study of the unitarity properties of the model was beyond the scope of the present work, but it is still possible to give an estimate based on naive dimensional analysis. In flat space, the naive estimate for a gauge theory with dimensional coupling constant g 5 gives a cut-off Λ = (16π 2 )/g 2 5 [45] . In a warped space, the cut-off is dependent on the location along the fifth dimension:
starting from Λ at the y = 0 brane, it is redshifted along the interval (as any other energy scale in the theory), getting down to Λ ′ = Λ b(πR) upon reaching the y = πR brane. To get an estimate for the Kaluza-Klein 4D effective theory, we will use the most restrictive cut-off:
In addition to the one coming from the negative mass dimension bulk coupling g 5 (or equivalently from the infinite tower of KK excitations), the 5D-DBESS has another, more stringent unitarity bound: the one coming from the W W scattering. In this model, in fact, the longitudinal components of the electroweak gauge bosons are only coupled to the U field and, as a consequence, the corresponding scattering amplitudes violate partial wave unitarity at the same energy scale as in the Higgsless SM [61] , that is Λ cut−of f ≃ 1.7 TeV.
The violation of unitarity is not postponed to higher scales as in the 5D Higgsless model [8, 10] . This situation exactly mirrors the one of the GD-BESS model [39, 60] .
However, this problem can be easily cured by generalizing the U field to a matrix containing an additional real scalar excitation ρ, mimicking the standard Higgs sector in the matrix formulation:
Just as in the case of the SM, the exchange of the new scalar degree of freedom ρ cancels the growing with energy terms in the scattering of the longitudinal EW gauge bosons, delaying unitarity violation. A similar process of unitarization via the addition of scalar fields was also studied in the context of the D-BESS model in ref. [76] .
We also add self interactions of the extra scalar field ρ, described by the potential
whereupon the field ρ acquires a VEVṽ = µ √ λ and a mass m h = 2b(πR)µ. We then expand as usual: ρ = h +ṽ; (84) in this way the Lagrangian is equal to that of eq. (8) In the GD-BESS case, the presence of a physical scalar was undesirable since it seemed to reintroduce the hierarchy problem. In the continuum limit, however, at least for a particular choice of the extra-dimensional background, the slice of AdS 5 that we will analyze in section VI B, the h field can be interpreted as a composite Higgs state -just as the KK excitations of the gauge bosons -by the AdS/CFT correspondence [7, 63, 64, 70] , sidestepping the hierarchy problem.
VI. PHENOMENOLOGY
In this last section, we are going to do a brief phenomenological study of the continuum GD-BESS in correspondence of two particular choices for the warp factor b(y): the flat limit, b(y) ≡ 1 and the RS limit, b(y) = e −2ky . In both cases, we will report spectrum examples, bounds from electroweak precision tests and naive unitarity cut-off.
A. Flat extra dimension
In this case, we have b(y) ≡ 1. This immediately implies (using eq. (62))
To get an interesting phenomenology at an accessible scale, we needM ∼ TeV. The basic parameters of the model are πR, the gauge couplings g 5 ,g andg ′ , the VEV of the scalar fieldṽ (which is ≡ v since b = 1) and its self-coupling constant λ. The latter is only used in the determination of the Higgs mass m h ; three out of four of the remaining parameters can be expressed in terms of the three measured quantities that are customarily chosen as input parameters for the SM, α, G F and m Z using Eqs. (78), (79), (80) . The free parameters of the model are then just πR and g 5 . The order of magnitude of πR is fixed by eq. (85) together with the requestM ∼ TeV, whileḡ 5 is constrained by eq. (65) . In fact, since we needg 2 andg ′ 2 to be positive, eq. (65) impliesḡ 5 > g, g ′ .
We are now ready to calculate the spectrum. In the flat limit, the C and S functions (eq. However, even in this very simple case only the eigenvalue equation for the right charged sector (47) can be analytically solved. We get
The equations (46), (48), defining the eigenvalues for the other two sectors, have to be solved numerically. Some general remarks can be made at a qualitative level, however.
Eq. (46) can be recast in the form The neutral sector has a more complicated eigenvalue equation (48) . However, it can be easily checked that, as soon as m ≫ m Z , the right-hand side of the equation is negligible so that it can be approximated:
The eigenvalue equation can then be approximately factorized into two independent ones; the first one is identical to eq. (87), the second one is similar with the replacement g → g ′ .
The tower of the neutral eigenstates is then composed by two sub-towers, one of which almost identical to the one of the left sector. In Table I , we show the lightest part of the spectrum in an explicit example corresponding to a particular choice of the parameters.
Let us now check the model against EW precision tests. In Fig. 4 
taken from [77] , and adding to the present model contribution the one from radiative corrections in the SM. To fix the SM contribution, we set m t = 173.1 [78], α −1 (m 2 Z ) = 128.957 ± 0.020 [79] and consider two different test values of the Higgs mass, m H = 1 TeV and m H = 300 GeV. Notice that, since we have considered SM fermion couplings, the new physics contribution to ǫ b is zero. Since the ǫ b experimental value is very slightly correlated to ǫ 1,2,3 , we did not include this observable in the analysis. We get: case a low Higgs mass is preferred. Even though a lighter Higgs mass seems to be preferred, the limit it is not as stringent as in the SM: remember that, thanks to the decoupling, in the limit M 1 → ∞ the SM picture is recovered, that is the region on the far right in Fig. 4 gives the constraints in the SM case. The main drawback of the model in this limit is that since it has a single extra dimension, which is compact, small and flat, it does not help solving the hierarchy problem: the Higgs mass must still be adjusted through a fine-tuning exactly as in the SM.
B. The model on a slice of AdS 5
Probably, the most interesting case from the phenomenological point of view is that of an exponentially warped extra-dimension, a slice of AdS 5 space. This case corresponds to choosing b(y) = e −2ky . The interest of this limit lies both in the possibility of solving the hierarchy problem thanks to an exponential suppression of mass scales on the y = πR brane (or IR brane where the Higgs is located) and in the AdS/CFT correspondence [7, 63, 64, 70] , according to which a model on AdS 5 can be viewed as the dual description of a strongly interacting model on four dimensions. In particular, in AdS/CFT fields localized near the IR brane are interpreted as duals to composite states of the strong sector; in this interpretation the Higgs field is no longer a fundamental field, but only an effective low-energy degree of freedom, just like the KK excitations of the gauge fields.
With this choice we are in a sense come full circle, since we started my theoretical exploration by considering the GD-BESS model, which gives a 4D low-energy effective description of a strongly interacting sector; we generalized that model first to a moose one, then to a 5-dimensional one; finally, thanks to the AdS/CFT correspondence, we can read the generalized 5D model again as an effective description of a strongly interacting theory.
The choice b(y) = e −2ky implies (again by eq. (62))
the model has now an extra parameter, the curvature k, in addition to the usual πR,ḡ 5 , g,g ′ ,ṽ and λ. Eqs. (78), (79) and (80) Let's look at the spectrum again. In this case, the C and S functions (eq. (45) 
where J i and Y i are Bessel function of the first and of the second kind respectively. In this case, not even the condition for the right charged eigenstates can be solved analytically.
However, using standard properties of the Bessel functions it is possible to give an estimate for the first eigenvalue,
and for the characteristic spacing between two adjacent states, which is approximately constant and equal to ∆M = πke −kπR . Notice that for kπR >> 1 the scale given byM is nothing but M 1 . The qualitative analysis made for the flat case generalizes almost verbatim to the AdS case. The main difference is the typical distance between two adjacent eigenstates, which is given by ∆M rather than simply by 1/R. In Tables II and III, in this case, the UV cut-off due to unitarity is generally much lower than it was in the flat case. Nevertheless, the model is again potentially compatible with EW precision data, even when the new heavy vector states have masses around one TeV and an Higgs mass sensibly greater than 100 − 200 GeV. The unitarity cut-off scale, which is quite low, calls for an UV extension of the model at an energy scale which is not much higher than the potential reach of the LHC; still the scenario described by the model seems interesting and deserves an accurate study.
The physical content of the 5D D-BESS on an AdS background is very similar to the one of the RS1-like model described in [20] . In that reference, the authors studied a SU ( do not contribute to the ǫ parameters either. In conclusion, even if the bulk gauge group is different, the phenomenology of the two models is almost identical (the situation changes, however, if fermions are allowed to propagate in the bulk).
This is a very interesting conclusion: working with a completely bottom-up approach, starting from an effective 4D theory -the GD-BESS model -and generalizing, we have arrived at a 5D model that quite closely reproduces a particular version of RS1.
VII. CONCLUSIONS
Among the various TC schemes proposed so far, which have generally difficulties in satisfying the constraints coming from EW precision measurements, the Degenerate BESS model [59] , provides a low-energy effective scheme which, taking advantage from a (SU(2) ⊗ SU (2) [39, 60] .
Due to the correspondence at low energy between theories with replicated 4D gauge symmetries G and theories with a 5D gauge symmetry G on a lattice, via the deconstruction technique, in this paper we have considered the continuum limit of the D-BESS model to a 5D theory. Working in the framework suggested by the AdS/CFT correspondence, we have considered for the fifth dimension a segment ending with two branes. The boundary conditions, to be imposed on the branes, emerge univocally from the deconstruction. The 5D-DBESS model is described by a SU(2) L ⊗SU(2) R gauge theory in the bulk with boundary kinetic terms, broken both spontaneously and by boundary conditions.
By choosing the geometry of the fifth dimension as a slice of AdS 5 , we find that the 5D-DBESS model can be related to a realization of the RS1 model [5] with EW gauge fields propagating in the bulk and having brane kinetic terms localized on the infrared brane [20] .
The gauge particle content of the theory consists of two charged sectors, left (including W ) and right, and one neutral (including photon and Z). Two comments are in order: the results for the EW precision parameters are obtained by considering SM fermions confined to the infrared brane. However, in this case one generically expects the emergence of four-fermion operators which induce unacceptable flavour violations [81] [82] [83] [84] [85] [86] . The well-known cure to this problem is letting fermions propagate in the bulk.
What we expect is that bulk fermions could improve the compatibility of the model with the present measurements. This will be the subject of a forthcoming paper.
Another interesting future development is a detailed investigation on the possibility of having a heavy Higgs boson, with a mass of order 300 GeV or more. Within the SM, global fits indicate that the Higgs mass cannot be higher than about 160 GeV; by contrast, in 5D-DBESS the constraints do not seem so stringent (see figs. 4 and 5) and a heavy Higgs mass could be allowed.
In conclusion, while the SM Higgs mechanism provides the most efficient and economical explanation of the spontaneous electroweak symmetry breaking, it is still not verified by experiments and it is not completely satisfactory from a theoretical point of view; theories in extra dimensions provide a fascinating alternative to the standard picture, that implies the existence of an interesting phenomenology that could be observed at LHC.
We will now show how eqs. from (14) to (32) can be derived from the request that the effective 4D Lagrangian is diagonal. Throughout the following calculation, we will only need to work with the bilinear gauge part of the action (8) . Expanding the gauge fields as in eq. (13) without assuming anything a priori on the form of the functions f a j and g a j and the constants c a j and carrying out the integration with respect to the extra dimension, we get
where we defined the matrices:
In the expanded Lagrangian (A1), it is possible to recognize vector and scalar kinetic-like terms, vector mass-like terms and vector / would-be goldstone mixings. However, all those terms are in general not diagonal with respect to the KK number. This is of course a direct consequence of the general nature of the expansion (13) . However, if the expanded theory is to be consistent, it must be possible to obtain the actual physical degrees of freedom -with explicitly diagonal mass and kinetic terms -by defining appropriate linear combinations of the modes V (j) µ and G (j) . We then introduce a still general basis change in field space:
and require the Lagrangian (A1) to be diagonal in terms of the new degrees of freedomṼ (j) µ andG (j) . This means that the matrices R T AR, R T BR, S T CS and R T DS (all the fields are real, so we can choose the matrices R and S to be orthogonal) have to be diagonal. Since in general it is not possible to diagonalize four independent matrices using just two rotations, we will need to impose a set of consistency conditions on the wave-functions f The general expansion (13) can then be recast into a more explicit form: R n (y) G 
As a consequence of this redefinition, the equation of motion (A7) can also be more explicitly rewritten as three separate equations:
to emphasize the fact that to each sector corresponds a different set of eigenvalues. These three equations reproduce precisely eq. (15), (23) and (29) .
To go on, assume that the wave-functions obey orthogonality conditions:
where the (·, ·)g scalar product was defined in eq. (20) . With this assumption, the left-hand side of eq. (A5a) becomes diagonal, and the equation itself is satisfied by choosing a n ≡ 1. 
which are identically satisfied as soon as the f a L,Rn obey the BCs (17), (18), (24), (25), (30) and (31) . Notice that eq. (15), (23), (29) together with the above mentioned BCs guarantee the orthogonality of the wave-functions that we assumed in eq. (A13), so we have a selfconsistent solution of eqs. (A5a) and (A5b). To complete the diagonalization and finally get an expanded bilinear Lagrangian, we just need to solve the last two equations in the set (A5). This can be obtained by imposing the conditions (19) , (26) and (32) respectively on the scalar profiles of the three sectors.
